Poultry farmers in the southeastern of Mexico consider that the productivity of the hens that comes from rearing on floor has a higher productive performance than reared hens in cages, mainly due to higher percentage of egg laying and lower mortality. The aim of this study was to evaluate the productive performance of the laying hen in relation to the type of rearing. A total of 79680 pullets Bovans White of 17 weeks of age were housed in cages with five pullets cage -1 (405 cm 2 pullet -1 ). They were divided in two treatments according to their type of rearing (floor vs cage) with four replicates. The study period was from week 20 to week 40 of age. The variables evaluated were daily (%) and cumulative mortality (%), egg production (%), egg weight (g), feed intake (g pullet d ), daily and cumulative egg mass, number of eggs per hen housed, egg loss (%) and productivity index. The variables were analyzed using a randomized block design. It was observed that daily and cumulative mortality, feed intake and egg loss was higher (p<0.05), while the number of eggs per hen housed and productivity index (p<0.05) was lower for hens in cages. We conclude that it is possible to associate detriments in the productive performance of laying hens based on the type of housing during its growth phase.
Brazilian Journal of Poultry Science Revista Brasileira de Ciência Avícola ) and egg weight (g) are relevantparameters in the poultry industry economy. However, other parameters such as daily and cumulative mortality (%), egg production (%), cumulative conversion (kg kg -1 ), daily egg mass, and the number of eggs per hen housed are important when evaluating the productive performance of a flock that is measured as productivity index.
The type of housing that the replaced pullets receive during rearing, influence directly the productive performance during growth, resulting in a higher body weight for the housed on the floor compared to the caged ones (Itza et al., 2011) . It is an important fact that the pullet's body weight reaches sexual maturity at 16 weeks of age, due to the effect it has over the beginning of the egg laying until the production peak and during all the productive cycle (Lamazares, 2006) . In tropical conditions and the southeastern of Mexico, poultry farmers believe that hens productivity housed and rearing at farms on the floor have a higher productive performance than the reared in cages. The reason is that hens in cages have a lower body weight at 16 weeks of age compared to the standard (1170 g; Bovans White Guide, 2012), not maintaining the onset of the egg laying curve (production), nor reaching the production peak. Also its daily and cumulative mortality are higher than those reared on the floor. There is no information to evaluate how Productive Performance of White Leghorn Hens Based on the Type of Housing During Rearing: Floor Versus Cage the type of housing (floor versus cage) during rearing affects the future commercial laying hen; nowadays researchers are currently seeking to improve growth performance and streamline productivity of the flock. Hence, the objective of this study was to evaluate the productive performance of commercial laying hens about the type of housing during their rearing on the floor versus cage.
MATERIALS AND METHODS
The study was conducted in a commercial hen farm of the genetic line Bovans White, located in the state of Yucatan, Mexico, 20°56' 53.57" N and 89°56'06. 14" W at a height of 7m about sea-level rise. The climate is type Aw0, the driest of the hot climates, sub-humid according to the Köppen classification modified by García (1973) , with an annual temperature between 21.0 and 33.8 °C (Itzá et al., 2006) .
Characteristics of the growth phase
Pullets reared on the floor were illuminated with fluorescent lamps of 15 W, reared in housings with dimensions of 10x75 m, where 12000 pullets by housing were kept to have an initial density of 16 pullets m -2 (625 cm 2 pullet-1). The housings were equipped with automatic feeders Chore-Time (ChoreTime Systems, Jacksonville, FLA, USA), with two lines of 103 dishes each one, 70 hopper type feeders (Agricultural Systems JAT, Zapopan, Jalisco, Mexico) for manual feed, distributed longitudinally to the center of the housing for 43 pullets trough ). Each cage had a nipple type drinker (ChoreTime Systems, Jacksonville, FLA, USA) and a trough type feeder (Agricultural Systems JAT, Zapopan, Jalisco, Mexico), which ran across the length of each level, making useful 71 cm of trough cage -1 (7.1 cm trough pullet -1 ), which received food semi-automatically. Also, the housings were equipped with four turbo type heaters model L.B. White Series V 115 (L.B. White, Carlsbad, CA, USA), distributed two per side, at a distance of 30 m between them. In both types of housing, the illumination calendar corresponded to a light descending program, vaccination schedules, formulation of the diets and the nutrients profile were organized based on the recommended production guide (Bovans White Guide, 2012) .
At week 17 the pullets were transferred to the egglaying farm in cages where data were recorded. The research started during week 20 and ended at week 40 of age.
Characteristics of the production phase
The commercial egg laying farm had eight housings each with dimensions of 10x100 m; equipped with type JIPSA (Merida, Yucatan, Mexico) cages of 45x45x40 cm grouped in the shape of a pyramid with two rows per side and two pyramids per housing for a total of 1992 cages housing ). The housings had fibercement and metal sheet roof, cement floor, and were surrounded with nylon mesh. Each cage had a nipple type drinker (Jacksonville, FLA, USA) and a plastic trough type feeder (Zapopan, Jalisco, Mexico) that ran across the length of each level, being 45 cm of feeder per cage (4.5 cm trough pullet -1 ), and filled manually. The housing was lit with 40 fluorescent 13 W lamps. All the pullets received food and water ad libitum, the formulation of the diets and the nutrients profile were based on the recommendations of the Production Guide (Bovans White Guide, 2012), and an increasing light calendarwas used (16L:8D) that started at 20 weeks of age.
This research did not require the approval of a bioethics committee to accomplish this investigation because the pullets under study did not receive a different treatment from those found in commercial egg production in cages as currently performed on egg laying business farms in Mexico. Therefore Mexican laws, humanitarian care or Norma Oficial Mexican a regarding the handling off arm animals (NOM-051-ZOO-1995, NOM-033-SAG-ZOO-2014) were not violated.
The response variables were daily mortality (%), cumulative mortality (%), egg production (%), egg weight (g), food consumption (g pullet d ), daily egg mass (g), accumulated egg mass (g), number of eggs per hen housed, productivity index, and egg loss (total quantity of broken and cracked eggs expressed as a percentage). 
Statistical analysis
A total of 79 680 pullets were housed and distributed in two treatments according to the type of housing (floor or cage) during their rearing, with four replicates per treatment. The data were analyzed using the PROC GLMSAS procedure (SAS Institute, 2004 ) under a randomized block design which explained the total variation, and is represented as:
Y ij = individual observation; μ = experimental average; α i = effect of the type of hen housing during the rearing (floor or cage); β ij = effect of the egg laying housing; ε ij = random error.
When the model was significant at p<0.05, means were separated using the Student-Newman-Keuls multiple range test (Mendenhall, 1994) . Additionally, the Pearson correlation between the number of eggs per hen housed and cumulative mortality applying SAS (SASInstitute,2004) was used.
RESULTS AND DISCUSSION
The results obtained are presented in Table 1 , differences (p≤0.05; r 2 =14.16) can be appreciated in the daily mortality rate being higher for hens that were reared in cage compared to the reared on the floor. The previous resulted in a greater cumulative mortality (p≤0.05; r 2 =92.26) of the caged ones in comparison to the reared on the floor. The farm mortality is a factor that might be associated with infectious or non infectious problems. Non-infectious problems are those that primarily involve internal causes related to the production and application of biological, nutritional and health issues. The external environmental factors such as extreme temperature that causes heat stress (Itza et al., 2006) might also affect egg production. The housing design, size, and orientation of the cage (Garner et al., 2012.) , race, body weight and age at sexual maturity also influence hens performance (Llamazares et al., 2006; Itza et al., 2011) . In the present study, all hens were from the same strain, were subjected to the same diet, environmental characteristics and management; however they had a different rearing system during their growth phase, which could have influenced the mortality. Hens reared in cages tend to present nervous temper (Holzebosch, 2006; Shinmura et al., 2006) .
Another factor to consider is the maximum temperature (°C) which had a significant effect (p ≤0.05; r 2 =92.26) on the cumulative mortality, related to the months of May and June with a higher temperature (monthly average of 37.40 ºC) in the study area. The months above match the ones reported by Itza et al. (2006) regarding mortality. However, the main factor is the relative humidity (%) that can also affect feed intake, egg weight and the egg laying percentage (Sykes, 1979; Zumbado, 2003) . Feed intake was higher (p≤0.05; r 2 =52.24) for hens reared in caged; it must be considered that they were housed at the egg laying farm having a lower body weight (1027 ±6.78 g) then the reared on the floor (1083 ±9.81g). Also, there is no information on the increased feed intake as compensation for a low bodyweight to maintain egg production, compared to other species that tend to increase feed intake after a period of starvation (Summers & Leeson, 1983; Koelkebcck et al., 1993; Coffey et al., 2001) . Itza-Ortiz MF, Peraza-Mercado G, Castillo-Castillo Y, Rodriguez-Alarcon CA, Vital-Garcia C, Jaramillo-Lopez E, Carrera-Chavez JM
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The egg laying percentage, egg weight, daily and cumulative egg mass did not present differences (p≤0.05; r 2 =85.81) among the hens according to the type of housing they received during the growth phase. Cumulative feed conversion neither was affected (p≤0.05; r 2 = 34.09). Egg laying percentage, egg weight, egg mass, and feed conversion are parameters that are related to the feed energy, protein, amino acids, essential fatty acid, and environmental, and management (Summers & Leeson, 1983; Itza et al., 2006; Lamazares et al., 2006; Itza et al., 2011) . The genetic strain also plays a major role in hens performance (Shalev & Pasternak, 1993) , and performance results might not directly be influenced by the type of housing during the growth phase. Saki et al. (2012) reported no differences (p>0.05) in egg production on densities of 2000, 1000, 667 and 500 cm 2 hen -1
. The results of the present study with a density of 405 cm 2 hen -1 are similar to those reported by the authors (Saki et al., 2012) with 500 cm 2 hen -1
, supporting the possibility of having five hens per cage without compromising egg production.
The number of eggs per hen housed was higher for the ones that were housedon the floor during the growth phase. Also, there was a correlation of 68.14 between this variable and the cumulative mortality (Figure 1 ). Differences were found (p≤0.05; r 2 =27.66) in the egg loss and egg production rate (p≤0.05; r 2 =36.26) between hens according to the type of housing during the growth phase. The previously mentioned parameters directly affected the production rate being higher in hens reared on the floor compared to those in cages. The smaller amount of eggs per housedhen in the caged hens might be due to the fact that the layerspresenteda low increase in the production curve (Figure 2 ) from week 22 to week 28, a period in which the maximum peak of production is reached according to the Technical Manual of the Lineage (Bovans White Guide, 2012). The flock that does not reach the peak of production has a negative impact on the total egg accumulated per housing hen. However, the persistence in the egg production of the caged hens was similar to the one on the floor after week 29, and both are found to be in the standard or over the standard after week 37 (Figure 2) . The caged hens presented a restless behavior (Holzebosch, 2006; Itza et al., 2011) and this stress can cause a decrease in the absorption of minerals such as calcium from feed source by triggering a mobilization of calcium stored in the long eggs (keel and tarsi) to ensure the calcification of the egg (Estrada-Osmaida et al., 2008) . Consequently, this increases the need of phosphorus and the egg's shell fragility, producing an increase of broken or cracked eggs, as observed in eggs from caged hens during the growth phase. Although there were no problems of cage fatigue during the trial period, a problem associated with the deficiency of calcium in the diet; the productive results in quantitative terms such as the number of eggs per hen housed and the production curve were adversely affected, impacting the productivity rate negatively.
CONCLUSIONS
It was possible to associate the differences of the productive performance of hens in relation to the growth phase, with parameters like daily and cumulative mortality (%), daily feed intake (g hen -1
), the number of eggs accumulated by hen housed, egg loss and consequently on the production rate. Also, the hens housed in cages have a lower egg production peak; however, they maintain the egg production curve after week 29 of age as those reared on the floor. It is suggested that further research needs tobe conducted to clarify if the nervous temper of the hens reared in cages is related to the differences in the number of eggs per hen housed and egg loss.
